I n recent years, the search for effective approaches to the functional retraining of persons with trau matic head injuries has become a major focus of rehabilitation research. This interest has been prompted largely by the financial pressures incurred by government, insurance companies, and families when survivors of head injuries cannot attain indepen dent liVing status.
The occupational therapist, whose primary con cern is the promotion of functional independence, has a special interest in strategies that will accelerate and enhance patients' skill acquisition. Various ap proaches are used in the clinical setting to augment functional skill training, including cognitive retrain ing (Abreau & Toglia, 1987; Lundgren & Persechino, 1986) and behavioral management strategies (Leland, Lewis, Hinman, & Carrillo, 1988) . Of special interest, however, are those approaches that help persons in the postacute phase of recovery to maximize gains made during the earlier period of spontaneous recov ery (usually 6 to 12 months after the injury) and ac quire new adaptive skills. Survivors of head injuries must acquire the skills necessary to manage the many residual deficits that commonly present barriers to their maintaining vital social roles in the areas of em ployment, home care, self-care, leisure, and interper sonal relationships. Loss of emotional control, re duced concentration, memory problems, slowed mental processing, personality changes, and fatigue are common problems that limit the progress of such persons (Ben-Yishay, Silver, Piatsky, & Rattock, 1987) .
The Effect of Stress on Functional Performance
The critical effects that stress and emotional volatility assert over the functional adaptation of the person with a closed head injury have been widely acknowl edged (Binder, 1986; Long, Gouvier, & Cole, 1984; Moore, Stambrook, & Peters, 1989; Novak, Roth, & Ball, 1988) . Emotional changes in the postacute phase have been attributed to neurological changes, to preinjury characteristics, and to the presence of psy chosocial stressors Oellinek, Torkelson, & Harvey, 1982) . Although numerous signs of reduced emo tional control are evident during the acute stages of recovery, such signs of distress as anxiety, irritability, and depression may not arise until several months posttrauma (Long et al., 1984; Novak et al., 1988 ) and may actually worsen over time (Binder, 1986) .
Emotional problems after head trauma often exa cerbate the effects of both physical and cognitive im pairment and add to the overall pattern of dysfunction (Novak et al., 1988) . In a follow-up study of 40 per sons with head injury, Jellinek et al. (1982) found independence in self-care to be associated with low levels of distress. Research also indicates that survi vors of head injuries who suffer high levels of stress recover more slowly, possibly due to the depressive effects of anxiety on the person's information-pro cessing capacity (Gronwall, 1986) . A review of the highly favorable outcomes achieved with participants in one vocational program for cognitive remediation indicated that improvements in functional perfor mance could be attributed to generalized improve ments in the participant's ability to apply information processing skills, rather than to improvements in the cognitive capacities themselves (Ben-Yishay et aI., 1987) .
Many situational and organic stress factors com plicate the recovery process for persons with trau matic head injury. Not only is the survivor faced with challenges to accustomed vocational, social, and self maintenance roles, but the effects of injury may also greatly compromise his or her ability to deal with these stressors. Poor management of environmental stressors often leads to a reduction in the survivor's sense of personal competency and, consequently, to withdrawal from societal roles (Long et aI., 1984) A number of researchers have discussed the need to include stress management training in rehabilita tive training for persons with head injuries (Gronwall, 1986; Legewie-Pertzborn, Legewie, Fort, & Brinkman, 1977) . Although occupational therapists frequently include stress management training in mental health treatment programs (Stein & Nikolic, 1989) , there is no evidence of its incorporation into therapeutic pro grams for survivors of head injuries. Few multidisci plinary programs have documented the use of relax ation training in adjustment "training programs for postacute patients with head injuries (Gronwall, 1986; Legewie-Pertzborn et aI., 1977) .
The Use of Biofeedback in Relaxation Training
Biofeedback, which is often used in relaxation train ing with the general population, prOVides trainees with accurate information concerning the body's physiological stress response. Although one's re sponse to stress involves a complex pattern of physio logical, emotional, and behavioral changes that do not necessarily correlate directly with the magnitude of the stress response (Lazarus, 1977) , the direct moni toring of somatic changes combined with cognitive techniques has been successful in the reduction of stress in many persons (Bernier & Gaston, 1989; Stein & Nikolic, 1989; Stoyva, 1983 )-Information concern ing physiological processes may have particular use for persons with head injuries as a means of compen sating for problems in self-monitoring while affording them an increased sense of personal control. Bio feedback has shown positive results in the neurosen sory retraining of stroke patients (Basmajian, 1988; Hogue & McCandless, 1983) . Biofeedback may serve as a means of sensory substitution for those with im paired somatosensory systems by proViding accurate feedback through less damaged sensory systems, such as vision and hearing (Bach y Rita, 1986).
Methodology
We conducted a pilot study with 4 subjects at the Center for Rehabilitation Studies at the University of North Texas in Denton to explore the potential of a program of biofeedback-assisted relaxation to im prove the functional outcome of adults with traumatic head injuries. The purpose of this study was to gather preliminary data on the effects of such a program and to identify general implementation guidelines for fur ther research and training.
Subjects
Four subjects were selected from referrals to the pro gram from the active case load of the state vocational rehabilitation commission. All were seeking voca tional training, placement assistance, or both. All 4 subjects were men who had experienced severe trau matic head injuries. Head injury was classified as trau matic based on length of coma and posttraumatic amnesia. Each subject was in the postacute stage of recovery, ranging from 26 to 74 months post injury, and functioning at a Rancho Level VIII.
I None of the subjects were employed at the beginning of the pro gram, and all reported problems with situationally re lated stress. None were taking medication to control anxiety, although Subjects 1 and 2 were taking muscle relaxants for spasticity control. Descriptive data for each subject are proVided in Table 1 .
Instrument
The subjects were asked to complete an intake ques tionnaire concerning personal history and perceived life stressors, as well as the Sickness Impact Profile (Bergner, 1978) , a symptom checklist that measures the effect of sickness or disability on behavior.
The Sickness Impact Profile measures the perfor mance of activities of daily living as an indication of health status These activities are divided into 12 functional areas. A weighted score is determined for each scale, for physical and psychosocial dimensions, and for overall sickness impact. The physical dimen sion score comprises three scales (Body Care and 1 The Rancho Los Amigos Hospital Scale (Malkmus & Stenderup, 1974) rates the level of cognitive functioning of survivors of head injury. The scale ranges from no response (Level I) to purposeful and appropriate (Level VIII) . Persons functioning at Level VIII may demonstrate reduced levels of social, emotional, and intellec tual capacity but are functional in society and suitable for vocational rehabilitation. Movement, Mobility, Ambulation); the psychosocial comprises four scales (Emotional Behavior, Social Interaction, Alertness BehaVior, Communication). The respondent is required to check off only those statements that describe him or her on that given day. A score of 0 on any scale indicates a lack of dysfunc tion in that area, The higher the score, the greater the severity of dysfunction. The scale was designed to be sensitive enough to detect changes in health status over time or between groups (Bergner, Bobbitt, Carter, & Gibson, 1981) . Each subject was required to complete the Sick ness Impact Profile before beginning training, at ces sation of training, and at a 4-week follow-up session.
Procedure
The subjects attended two I-hI' training sessions per week for an 8-week period (i.e, 16 sessions total) The training protocol consisted of a period of relax ation practice, during which time electromyogram (EMG) biofeedback was used to monitor muscle ten sion as the subjects employed deep breathing, auto genics, and gUided imagery to lower tension levels.
The biofeedback instrument used was the J&J 1-330
Personal Computer Monitoring System 2 The subjects received feedback through visual analogue signals, with digital readouts at 5-sec intervals
The autogenics used were standard progressive relaxation phrases (e.g., "My shoulders are feeling heavy and warm, my arms .... ") Relaxation images were indiVidually chosen by each subject. The scenes chosen were engaging in ballroom dancing (Subject 1), jogging (Subject 2), walking on a beach (Subject 3), and sitting in the quiet of an empty church (Sub ject 4) Restful music and dimmed lighting were used in the early stages of training and were gradually de creased as skill acquisition in relaxation progressed. The therapist initially guided the imagery, because this procedure appeared to significantly aid the sub jects' relaxation responses. The therapist's verbal prompts were also gradually decreased. Each subject underwent a period of stress inocu lation during each session, in which he was taught to use the relaxation response while experiencing an identified stressor from his everyday life. The stressor was produced either through direct simulation of a stressful event or through gUided imagery, depending on the subject's mental imaging ability. For example, Subject 1, a student, reported anxiety and reduced concentration in test situations, A verbal presentation of images designed to progressively approXimate the anXiety-producing situation (i.e., "It is the morning of the test .. you are on your scooter heading toward the test ... you are coming up to the building.... ") failed to elicit the usual stress response. For this sub ject, an actual test, similar to those he would be re quired to take, was brought to the treatment sessions, and the demands were made more difficult in each session (ie, from simply shOWing him the test book let to eventually requiring him to take the test under time pressure). In other situations, role·playing was found to be effective.
The subjects were reqUired to practice relaxation daily, using breathing, autogenics, and imagery. They were counseled as to the appropriate methods for doing home practice: (a) establishing a regular and convenient practice time, (b) keeping the practice time separate from sleep time, and (c) conducting the practice session in an appropriate location, in which interruption was unlikely. The subjects were also re quired to keep a daily log of stress reactions, in which they monitored the occurrences of signs of stress (in diVidually identified), and to report the nature of their home relaxation practice to the therapist.
Results
The within-session response to the trawlng, EMG levels, and clinical observations indicated that all 4 subjects were able to achieve a state of physiological relaxation while carrying out the training protocol. Although actual EMG levels varied over time due to necessary changes in body posture, by the end of the training each subject was able to successfully lower his EMG levels at least 2 microvolts below the individ ual session baseline. All subjects successfully learned selected persons with head injuries can respond to a " (Bergner, 1978) . b1 = administered before training. 2 = adminis· structured program of biofeedback-assisted relaxtered at cessation of training. 3 = administered 4 weeks after cessation of training.
ation. All 4 subjects in the present study achieved lowered levels of physiological arousal within sessions and demonstrated some generalization of efto manage anxiety during stress inoculation training, fects to performance skills, as measured by a scale of showing negligible rises in EMG readings during the disability-related functioning. The actual effect of the simu lated stress periods within the training sessions_ biofeedback itself is unknown, because no subjects The results of the Sickness Impact Profile are were treated with a relaxation program that lacked shown in Table 2_ Although statistical analysis of such measurable feedback. a small sample was not likely to identify significant
The subjects' dependency on the biofeedback changes in the subjects' scores, a t test for signifivaried: Subjects 3 and 4 often ignored the screen comcance of difference between means of two small corpletely when deeply involved in imagery. The therarelated samples (see Table 3 ) was used to assess the pist found the feedback to be quite useful, however, significance of the differences between the subjects' in monitoring the subjects' level of arousal. On the scores on each administration of the Sickness Impact basis of clinical observations, it appears likely that a Profile (Smith, 1970) _One of the differences reached significant degree of relaxation would be achievable ., (Bergner, 1978) b1n treatment phase, 1= 1.37, df= 3, P> .10; in follow-up phase, t = 3.11, df= 3, P < .05. 'In treatment phase, 1= 0.62, df= 3, P > 10; in follow-up phase, 1= 3.02, df= 3, P < .10. dIn treatment phase, 1= 2.10, df= 3, P> .10; in follow-up phase, 1= 2.55, df= 3, P < .10.
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even without the advantage of biofeedback equipment. Without a control group, we cannot determine a cause-and-effect relationship between relaxation training and reduced levels of dysfunction. That each subject completed the treatment program of his own volition suggests that each perceived that he was receiving some benefit from the training. The effect of individualized attention may have contributed to the subjects' positive responses and general improvements. The results are suffiCiently positive, however, to merit further investigation of this relatively untapped methodology.
One explanation for the subjects' positive reactions to the intervention may be that the training, as a form of self-management, contributed to each subject's sense of control over his internal or external environment. This feeling of control may contribute to feelings of mastery, with an associated improvement in self-concept (Moore et al., 1989) Thorenson and Mahoney (1974) discussed the question of control and linked the individual's sense of purpose with the ability to see one's actions and experiences as being under personal direction. They recognized biofeedback as a means by which to enhance a sense of self-control, along with such praCtices as autogenic training, yoga, and meditation.
Several suggestions pertinent to clinical procedures can be drawn from this study 1. Due to differences in patients· deficits and personalities, an individualized approach is necessary to maximize response to relaxation training. Patients with head injuries present a highly heterogenous group with a wide range of functional characteristics due to differences in the location and extent of the injury. Each patient wil I vary in the degree of impaired emotional control and will respond differently to various methods of relaxation. 2. Attempts must be made to accommodate the sensory and arousal changes associated with brain injury. Patients who fatigue easily or who have established irregular sleep patterns may be especially prone to falling asleep during relaxation. This may necessitate changes in positioning, lighting, and timing of sessions to allow for maximum training benefits. 3. Patients with reduced concentration skills may need relaxation procedures to be carefully gUided, with consistent cuing to the mental or physiological procedure being used. 4. Practice in implementing simple relaxation training techniques (e.g., deep breathing, covert repetition of a simple phrase) in situ is extremely important, particularly for those patients who are concrete in their thinking or who have trouble with transferring training. Patients may be able to approach functional tasks with greater clarity of thought and belief in self-efficacy if they see that they can lower their anxiety levels during demanding, stressful situations
Conclusion
The results of this pilot study suggest that relaxation training may be a useful adjunct to functional skill training and work adjustment programs for selected adults with head injuries who are in the postacute phase of recovery. Further clinical exploration of this approach with persons with head injuries who are at various levels of functioning and at different stages of recovery may lead to a greater understanding of the value of specific stress management and relaxation strategies with this population ....
